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SUBSTRATE 

(57)Abstract 

PROBLEM TO BE SOLVED: To overcome such difficulties that In the 
facet growth method for growing gallium nitride by forming and 
maintaining a facet, dislocation hazily extends from pit center parts 
comprising facet planes, thus radially developing plane defects and that 
since the positions where pits appear can not be controlled, a device 
can not be designed on the resulting single crystal. 
SOLUTION: A stripe mask pattern is formed with regularity on a base 
substrate. On the pattern, straight V grooves (valleys) comprising facets 
are formed. While maintaining the V grooves (valleys). GaN is subjected 
to facet growth to form defects collection regions H at the V groove 
(valley) bottom parts comprising facet planes. Dislocation is collected at 
the region H to lower the dislocation in a low-defect single crystal 
region Z and a C-plane growth region around the region H. Because the 
region H is closed, the dislocation is confined and is not released again. 
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^+^a-T'S§o ^©1/2 Ofi(TO 1 X 1 0 ' cm"' 

[0 0 3 9] i,o—D(Dmmi<t. 7 7-b'y bffiA^€>^^ 
lf>y H£t^fi[3b^*^bT<§^li:. fcf'yh**K#ffi 

-r-sffi^^^^PfS 1 oxh^ (mi (b) ) c ^om^^m 



4ic:?^Pi 1 0 i:bT#Sf ^«-^*^S?>o iin^tefi*^— 

[°oo4 o] ffc. cn5©ffit^^^P§i ott. t;-y >fi3 
m3o° (Dn&x-^^t^ (1 2ftffj©tf>y 

[0 0 4 1] mmiDmmii. ^mco^^^o^mmx&^o 

(4. fe<^-?-gM^*W^77-by h©aJig^?Mbfc 



J en ^ 



[0 0 4 2] 

/W7.©?g'tt»^#t?Xh'7-l'7«ii*\ feffi^©teS 

i:{SM-a-r ^ Rltitt^^fe teffi^ txh 7Stt 
)i3&^-&Stbfc«-&, U-1f'©^M*^:kBI%^tyci:tc 

. , [ 0 0 4 3 ] ^ ©te{im©&SA^*JffiJT?^^ V>fci6. IS 



rrn ; 



* 



(10) 
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[0 0 4 4] b— IffflOGaN^ilLT. m^itt^ 

[0 0 4 6] 1) 7r-fe>y hffi/b''5>:^?>bf hcfi^©^ 
[0 0 4 7] 2) 7r-b:<y hffi*^5^§lf-y htfi5^C>l5 
[0 0 4 8] 3) yy-ty hS/b^S^^tfy hff'i^iDls 
[0 0 4 9] *fi§B^{i:2:n?>©3^©SM*i?}*-rSCl 

omm^^MKt^rci^. G a no^s:^®^. G a n 



10 



20 



[00 5 0] c n*^ 5 . i: o t*^bJ€) 

i/^T^il73r4*K!i^§o 30 

[0 0 5 1] igrsffiil^ i^^:5fitOS^t^MLTl^<0 

^mmt ^mmmmii. {hkmn} t\^^oi:^imm 

(hkmn) tl^^ HoKSMt^o iK^:$ffi©^1SS 
»SaiI<>;&1$oT. <h kmn>i:SIi-r^o 

ES-r^o -OtO (hkmn) tcE3S-r§;^|p]A^' [kh 40 
mn] T3&5o 
[0 0 5 2] ^OSiS^;6^~S-r5WI*PGlCj;oTff^n 

^ 5t5^Jlf^ o sb^m o Jt«;^^{t o j; o TTctuM 

T 3 lH!llieS{'t*'«fF^ (Dr\ h . k . m^iasti: 

T-^&t/^o mS31t? {hkmn}. ^t/va^ffiffitt--0 •- 
©MOT (h kmn) 5b^e.te^tT^T©f^^tL55**5? 50 
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[0 0 5 3] ;^:t^?^i:o^oTtfFSnS)itiimm4S 

*r«*^'s§*'«Rig>itsmiftv\ ■9-7 7-1'^ (A 1 ^ 

0 ) «{iivLfc«3i-eH^B^^T'^ § 3b^ 3 mmttA*! 

[0 0 5 4] G a NlSB^Btti3Ill>tt^'l4:5^fe5o fc*^5 
(hkmn), (kmhn)^ (mhkn)^ (hmk 
n) \ (k hmn) . (mk h n) ItBiS^M {hkm 

n} tc-g-sti§6o©«gijB-efe§o mcm^mm ih 

kmn} > (kmhn} s {mhkn}^ {hmk 

n} . {khmn} . {mkhn] (O 6-Ol,tm^(D^M 

§ o rztc LffiliS^© a n > V ^ ft it 1/ ^ft^ 5. MiU^ 

[0 0 5 5] L^)^LKK^^^^tt:6^^^.^A^P, {hkmn} 
t {-h-k-m-n} ltm^X^\^\ Cffi (0 0 0 

1) i:-Cffi (0 0 0-1) liHH^&iDT'^l'^ 

Sffi t G a ji? *^RM L Ti/^ ^ N ll?:6^BM L T ^/^ ^ 

*HcJ:oT, (0 0 0 1) GaMtmiVr (0 0 0 
1) ffi*. (000 1) Nffii:^ISb-C (0 0 0-1) 

[0 0 5 6] G a N AT^b^J^T 3 mMW^O:)&^ 3 O 

(omtfi^^c ^©F^©ro^ a tt. b|4i:l/^5 Sfftgti 

§o oS t) ah dW^n 2 Ofi©cfJiN:^^*LTKtte> 
^n&3***^#t?®tttlS-r5li*^c«lT'fe5o 

c f4fiA^r^3^iC*Jl'^Ta#©ffi"e$> D ^ a b d ffiPa© 

tt. i*sji©^^B*'«^n^n©iifi.*«5gM-©ft^^ 

T«t)v bffl^b/k-e^O^ dtt^d/mT'^Ds c 
m^c/nXm^M^\Z=t(Om^^^ (hkmn) 

[0 0 5 7] /£*^?>cBlli(*VJx^v^{i^a*6tl%ffiT'£ 

Ds ®©S[fcit>:^t.^t'^tT-£S= |grB75-fi [hkmn] 
(k hmn) Ji:it3S-rS73TRJi: LT^R^tl^o 4 
-D(DM^(Ofym<D 3 O^JitSc h . k . m«?S3xT-*V\ 

^T<-r5f£:feti:> .4-0©}im^ffll/->Tl/^i>o Tcfy^^ 
h. k. ma-:^^SfS-Z?S:53b^^©ratc«M^-rv^-9-2x 
(Sum Rule) h.+ k+m=; OA^^lC^DiEoTt/^ 
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[0 0 5 8] G a NcD±i^ftSW*®A^3-Q#ft-r2.o 

—oitcmx'^^o zna (ooo i) mth^o^oK 

[0 0 5 9] GaN{ic|ftMD©3lHlMi^'l4%t.-3o O 
$D 1 2 OftOlHl^CioTTcKKSJco^jitiJtt**. 

'B-f c W^rRjcDfijcftJ&^f 5 o G a A s »K^'9-7 7 

SlC*-5o G a N«SlgM^tt5b'«^t/^o (0 0 0 

1) Mil (00 0-1) mitnMt^m-vh^o 

[0 0 6 0] 2#ifi[)ftSW*ffi«Mffii:l/^-5o "tnit 

n-^^. M^Sm (a. b. d) (Do-^—0<D 



fe?.o ■affi*^! {1 -1 0 0} . {0 1-10} , {- 
10 10} , {-1100} V {0-1 1 0} , {1 0 

- 1 0} ^mwmm ( i - 1 o o) ; (o i - 1 o) , 

(-10 10). (-110 0), (0-110), 

(10-10) fjiEic^^xmmt ^ctiin^^?). 
[0 0 6 1] ^mmmii^rmm-e^?>ii\ mmmmit 

ft^^-To 9 0S©llfi-f-*<T6 0St?fe52:i:fca 

[0 0 6 2] 3#ate«aW^ffiaAffitV^■5o 5rtl*3 
(a, b, d) ©ttl£D5fe^%i^i; c Wfc^ff ^ffiT-aS 

§o -as^ii {2 - 1 - 1 0} , {-12-10}, 

{-1-12 0}, {-2 110}, {l'-210}, 

{1 1-20}^, mm^m (2-1-10), (-1 

2-10), (-1-120), (-2110), (1 

-2 10), Cl 1-2 0) ^Eic^-^x^mxt^o 

MM (•••) aSiJOffi^S^fo 

[0 0 6 3] G a Nii6mnwm±rjii^-h^p,^ ±omwi 

[0 0 6 4] A®i:lli;ffimf£t-o:§{ir<2- 1 - 1 

0>ti, A®tca3^t-^:^FfiT'S^o ^n{4Mffi©t/^-r 

1 0 o>\mmKW.'^t^:^iiLXS>^-h\ kmtWifv 

\^-^t>^£h\ ....... 

[0 0 6 5] ^©cfeofcG a Nti S-^Q^-^SWi^ffiv C 
W, AM, Mffi^itOo ?3{3x^.®^?^[lUT«*5^ 

5 ^m*feoffii:^.fia¥fTTS5o ii?U-^.^.c:. Lv^ 
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[0 0 6 6] :^mm^WM^^r!ii!bii:mmz^i^n^y 

fc:77-fe^y h {1 1-2 1} , {1 1 -2 2} MM 

;b^5.M4Lfc77-ty h {1-1 0 1} , {1-10 
2} ^HT-35§o 

[0 0 6 7] M3Jg^*^¥fTS2M:5'5||-^LTV?i 

(S) *a^-r-5o (S) fci/^aoa, Affi*^&jjR 

10 ^Lfc77-b>yb {2-1-1 + 1} , {2-1-1 + 
2} 5b^5*§j?)\ MIS*^e>M4Lfc77-l2y h {1-1 
0+1}, {1 -1 0 + 2} *^e.^§t>©T'fe5o 
[0 0 6 8] 4»g©Ji^na±i2©77-fe^y hTiJ; 1 

{2-1-10} ^ciatCjitbTiJ>L{lil3-?.i: {2-1 
-1 1} ffi^^So $6lC«tti.i: {2-1-12} t 

20 ±(DlSi^©}g^077-by hffi*^tb^-r§iii:tfes 

;?)\ fcl/^fcV^li, n=l, 2, 3, 4gfiT-$So 
[0 0 6 9] ©•StC-IS*fe©7 7-b-y h ilV^^M^*'* 
ttlT<5o V« (S) *«^-r§7r-b'V hil^n-fcO 

Sl^7 7-b^y 2flSR077-fe7 f-*^S^-r?ic 

•So 

. [0 0 7 0] amvii (s^) ^oicw^if ^77-fe'y b 

30 3bM 11-22}, {\-\ 01} Xtb^hWXm^ 
§o attS^^aT', cWS^^cT^^-r^i:, {1 
-1 0 1} ffi<DCffilcM-r-SM#:ft{4, t a n"' (3 
"'V a/2c)T-^5o {1 1 -2 2} MOCSIC^ 
^■Siat^ti, tan"' (a/c) -efe^o 

[0 0 7 1] <j;D?Sv~'7 7-fe'y h^v^^i: {i i - 2 

3} , {1-102} , {11-24} , {1-10 
3} r^}lnif'iz.'^h^^<D^\^-'^o {1-1 On} (nS 
2) ©CffitC^t-rSMtttt an ' O''" a/2 
cn) -efeSc n*^2J;»3:;^tV^i: cotton = l©tt 
40 j;t)>'J->^<*So {ll-2n} (n^3) M©C®tC 

t a n"' (2a/nc) TfeSc n 
3 J; t) ;^*!/^ i: u cDfiJi n = 2 Off cfc t) /h^ < *?>o 
fc5f)^ e <1 (D cfe •J * ft n 4, O^^V ^ 7 7 -fe >y h 

[ 0 0 7 2 ] G a N {iA^Bll^-efe 0 7;!/^^ IkM-efe 
■IE7^:ftM«)6]l£?,^*JL^C G aJH^*^#i£-r§±ffi 

5Q fc.31P«??,G.aM^ib^#ffi:r5mMffii:^-0±ic 3^o 



(12) 
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[0 0 7 3] T±teaffi^LT-9-7T-l'^. Si, GaA 
s^if^fflV^So i}-7T-r-¥ (a-A I2 O3 ) it^lS 

[0 0 7 4] S 1 {iA:&^l^-e«:<3i77^I^T'St)^'f 

3*g|Sk:J:oTB:^fe (khm) ^^^tCfaMT'tSo 

3fiiS(tiffiii-eMa®-»^A;I/-;l'{i* < . k + h 

(111) ffifc»t3-§o ji^iDS ixA^'X^if^ (0 

0 1) m^i^oi)\ ^-tiaHisi^tt*^*i.^o cc-ea 
HiHi*ti-^*^i2sSfcA^ e> s 1 (111) ffi;£® 

[0075] GaAs fe/N^^^I^T* < infj^a^V^ *) 
m^Su (Z n S : Zinc Blende) MM^t^. fc>5 

30T?S5o 3mfc<fc-pTffi:^rte^^^ 

a (1 1 1) ffit»lJ§o ji#OG a A S'T-'WXOtf 

fe(/^^r?fl©l8^*^?. (0 0 1) ^-ntiH® 

©tf-a-fe (111) ffi*€3o 

[00 7 6] G a A s }4Sfe>^<f^A'*^</^©T (111) 

(1 1 1) mt. Gaii^^mcm^ d 1 1) ®t-^ 

§c i^SA^fetltf (111) Asffiil*\ (1 1 1) G 

amtt-^w-ox^m-t^o m\:^^t^ (i 1 1) mt 

[0 0 7 7] *^B^fC:teI/^TG aNOMffMSfcbTM 

iifi!cS^;b"'ffli/^e.ti§o ^ntcttHVP Eji^ Mocv 



[0 0 7 8] 1. HVPEiS (/WF^-fFftta^* 
?4 .' Hydride Vapor Phase Epitaxy) 

G aJ^l^i:LT#MG a>&M3c mmWMliTy^-T 
NH3 Tfe^o vtx>y h'?*-;l/M©SjiS^OT:^®-9-fe 

TT73^ F U 7 F LtoiiSnfcSIStcgfcSo ftKOifi 
^'\tt7i<*;5f7;+T^'€-:::7*fXA^m^nT*5l3 G a 
C 1 iT^t-ZJb^RjSL-TG aN^-a-fiScLiia^tnrc 
»K«±ta*±^f enSo M5^t*^G a^MT^O G a 
C 1 ^ft§;b^P)G a N»Mii:K*;6''AS.^V^il^5^iJjt 

[0 0 79] 2. MOCVD^ (Wffi^M G V D ; Meta 
llorganic Chemical Vapor Deposition) 

T M G ( F U ^ 'i' i^) . HiD G a 
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nt. 7yt-7NH3 t%7j<^;^7'X (H2 ) hh^ 



z. t x&^o isuMm&tx tug 

[0080] 3. MOCj* (=&tSI^MMbtlMffi^S 

S ; Metal lorganic Chloride Method) 

G a igi^i: UT T M G ^ mm 

mntLX7y"E=.7^{^o. UOCVT}mtm^£-oX 

20 itStTMG^;7:/t-7%^t:•&$■^^§^DTni:&v^o 

yh^t-}m(r)R!t^XTMG^KC I (igfb7j<*) 
;^j"XilSfS$-&— E.G a C 1 ^-^fiSc-T^o ^nti^l^co 

mi-eM^nfc»s$T'MnTt^<o 7y'e=.7im 

»S3fi^T'S^t^ LTGaNi::&0 SSO±lCM:^li« L 

T«><o -SG a C 1 

[0 0 8 1] 4. 

30 urnmntLx-a:^^m^^^^\^\ ^iSa^^GaN^jg 

SiJM©«3ftfeV^TJg*^iB*^tt. B#G a N^iin^ 

G a N»^S:ii5«^€5 fe®-efe§o 
[0 0 8 2] 

[0 0 8 3] 7r^>y h^B^Lfit'^^^mm 

t>-^. yr'tyhmt'^-f^^^-yhmcm^x. yy-t. 

[0 0 8 4] «*^*-a-r5l^. 3»:^[q]cD7<;-;?3-X'^ 



50 



(13) 
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[0 0 8 5] mn^o^mm'^M'^Lx^n 



PI V 



[0 0 8 6] <i(D'e^^<Dminm<on±mmii^ri. 



10 



[0 0 8 7] ttc. )LV hO'&WC * 0 bSA'^;*;;^ 

[0 0 8 8] i^c^fttioTti. Yti^hfs.'^'d-j 

>tt'5^^feffi>b^*^L.Tl/^<^; rn'O-^oyrty hffi 20 
[0 0 8 9] tfc. i^-^h(Z)^mc^^. 'i£yhm\ 

[0 0 9 0] t-Tc^ nn^coyr-^yhMti'^^^^iy 

^^tcisb. ^ yi^i.x{^f^mx^m\x&^o 
[0 0 9 1] ^cDTcH). ^-^'^(DK^mommtimizi^ 

So 

[0 0 9 2] *%^<Dfl®%llt>*xE'^fce iinS^WM 



30 



40 
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7 >y > ffiitffi^mif Lxm&t^ ^tiz^^ xmm 
^mt'^iSM-^-^xh^^u^xh^o ^■©^A-Xi^A^ 

[0 0 9 5] ^iiimmtLximmf^xrjii^ mmti^ 
[0 0 9 6] m^x%mm-f2Wk%n-\-cMr^^o cm 

B^2 2;gr77-fe^y h^S^*^. 77-b>y f 2 6. 2 6 
«^gRLfc2ffiT?feoTV?i2 4^«dt-r§ (V^>y 

o VS («) 2 4©S2 9^c:i^LT 
^Hjb^BScft LT»*<o 77-l2'y}-26 Ttctiffi:)^ 

Z-^C ffifigS®^YK#«Lfc:«gfi«7 7-fe'y h 2 6 



[0 0 9 3] ^LT. ^©j:-5*$Efi©MM*fcS#l* 



KfcltTfe St) (S + K) ©^ 

mt^r\-^^tiiX<^CtiiXtrj:^\ 
[0 0 9 7] K3 (1) cD»<$^l/^^^^©Vf>y MKOK 



[0098] Lyb^fe7 7-b'yb ffi^'^i^^Jt o fcE^4^ 
(VM) fci:. }d-^hB^(om^(DXolc. 77-fe-yb 
i:7 7-fe>y bffifc©^^*^tti*^«'^ ^■©fcfeffi*^:^ 

10 (El (b) ) ^m±rJ:m^xh^2rcti^m^(Dll^ 

[0.0 9 9] ^l<^><fc5ft^ iS*5f/:>fe*^^^©7 7-t:'y 
hffifM^^LT. A^O#fCliMLT5Sc'ftU ^©77 



(14) 
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Co 1 0 0] coxorji^ $i&(ommmm^^iHimm 



Co 1 0 1] $&:S:§W^tcJ;Ox i:®J;3=S:fe{!ii®ffi 

CO 1 0 2] mtf#^^T'{i%<Tfe. #^g,T'^o 



Co 1 0 3] c(Dm&Mmmmif^mh^^Ltzmw.x'-h 

^•r'^^l/ • ^—/'^—^''d—X : Epitaxial Lateral Over 

growth) (CfeV^Tti. 7 hffi^JgfigtTlKte^; 



Co 1 0 4] ^nicnLX. :$imm^}iX'l,is ^^a 



Co 1 0 5] sfc, j¥^%j#ofc^Pi*-a-MM 

CO 1 0 6] a#©E LO-?-tt. figfiil^^tC7 

1 O' cm ' (Dt—}t'-r\ Z.(Dt^X- 



10 



20 



30 



40 
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it. u~'^mmmthxmmx^^i\ 

CO 1 0 7] L^)^L*3b^5.^ :^mm\^^^^Xi,^. Wmt 



CO 1 0 8] dti^iAt^ltiiTSSo cti*^Ritl^a 

Co 1 0 9] cn^CDmW6^rj:mit. mr^(D^(DU^i, 



50 



Co 1 10] -^^izmE^^it. ^(D m^w-Dfc^'BMi 
^mM-^mui (Dm^t^mpfi^pmt^ciix\ m 

(fete) ) %JBfigLTfctt«\ ^fti:ft^cn<D«FJTtc« 
e^^BtHbfc (^5 (a) . B16) = 

CO 1 1 1] c(Dm^w-Drcm^^mm-^mH^mc 

^t^yy'tyhmcom^iic-Dh^x, ^(d:^-^-xk 

CO 11 2] $fc. ■ffi©^:i)^XAi:LT{±. 

mm. ^(Dn&nm^-^yr^y vmif^^-t^k^^K. 

CO 1 1 3.] -c: 9 LT, ^y-fe^y hffi*vP,^;s;gicr>fitg 



(15) 
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[0 1 14] $fc. xw^m(Dmm<o'Stiyf\c-oi^ 



fcfc© VX^ ©±tc^ ^^^ffi^A^J^fig* nfc« 



[0 115] ^©±i^(i. (TX fiic«©?3ffilSP^^i:*5t,v 

[0 1 16] sfc. mmmit Lxii. ^(oxmm^m 



saw 



■Oo 

[0 117] J^±T\ ;*:|§BJ©»*W*JSiliJ0S^ L 

7 {C*5!/>T. Ti-fiSK 2 1 ®_ht G a NlSe^a 2 2 *'!fi!cS 
LTV^§#Sffi«UjS©^'33IL£:&oTV^^o # (V 

MMii'^y T-iiy V 2 er^h^o 7r-fey> 2 6© 

MMn . H t <fc ■oxm^n&i^mi^'c-Mm&iKm^ 



10 



20 



30 



40 



2003-183100 

28 

^n§A^P)^ ^©Tiig(5©it'i^wi:LTp = 2 Z+W+ 
hi:;S:§o (Vji©^2) tEy^p(Dmmi. 

^mu. m^ms^mmmmz. cmmmmmY-bmic 

mmiEL<MSH Z Y Z H Z Y Z H-^jS^ LTl^So 

X. nL<mmLXh^<o 

[0 118] 

mm'DniMiDifm'i ^Afic^^^m'^nm^mK-Di^^x 
s (vM) ^^mwLxm^B^&t'it^z. t^^mmthx 

^(D^m^mM-^m H tcgii? hxi&xmm-B^mmm z 

$ isrs^PfSA^Ma H (Dm^^ K $ /£ 

Ki:(^g|5Stc^©«3att#ft-r -Steffi^! l*3it?o «w 

K^tcim^Kti^^^sxm&^mM-^'it^ti^mmir?) 
[0 1 19] 3^fg0ja^ iKDii^yK^mm-^i^Hcom. 

[0 1 2 0] s^v^tt. ii^&itofciiiitt^iSirB^Pfim 

^^Hii:PSbT€iX:Pfi*^^M«Z^figS^-ii:^ IS 
litis V^l.om^^m'^ (lt«IR4 4) 



[0 12 1] ^Bt. MftWfcfi. tl^lf^fcitlS^K© 



H ©«l?giJ K $ fcti^ ©rtgp s % 



B^fiicS:^^ (i«*«4 5) TSSo 

[0:1 2 2] Sfc. |gH^^PS*^M^Ht©M#^aa?ii 



b. 



in"!! 



H K $ fck ^(r>n% 



(16) 
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[0 12 3] mmii. ^|![*^DlSs^B^Pil«-&fiaH«rW 

5o 10 

[0 12 4] sate. ^^^mifimm^mi&Ht^ -yy^-j 
t) . fefit^&^g^-r ^im. tt^ ^m^nmm v ^ 



P00 



(fl5R«4 8) -esso 



[0 12 5] -^^x-L^Mmic^ 20 

ISe^Jtfi^?* (f»5l<Jl4 9) T-^^o 
[0 1 2 6] CltD^tCv :^UXix^^H®]li:ti:7j<^;S:p 

5 0) o 

[0 12 7] n(Dn<r>. 7r^'y>ffim«s :^^(0=i:-5 

^^fi. 7T-tr'yhffi{±. {kk-2kn} (k. ntt 

^) -ess (If ^« 5 Do 

[0 12 8] SgCDiSl/^7r-fe'y 
{1 1-2 2} TSSC^A^^l^ (il««5 2) o $ 
fc. lalItt©ISB^^^RI*^SH^D7^fRJ^i:^ <1-10 
0>-C€>^(/^*^ <1 l-2 0>TaS*€>Rll6Ti& 40 

m.m^(oi^^nxmM'^m,ii(oi5\piii'^< 1 1-20 >-e 

fet), yr^vVmxt-, {k-kOn} (k. nSS 

SO TS§ (Ii5l<]l5 3) o 

[0 12 9] ^(^^^(D^m^yr-^y hM«, {1 
-10 1} TfeS (IS5R:95 4) <, ■■ 

[0 13 0] 7UXA^g®]l±t7j<¥S:m^fLfe£ 
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St). 7r-b>y bM*Ml 1 -2 2} . {1-10 
1} . {kk-2kn} , {k-kOn} (k. nttM 

i^) cDt/^-fn^^T-fei)^. *oii±©7j<^F^stt (0 0 

01) ffiT'SS (II*® 5 5) o i:cD7j<¥S:®« 

invito feitstti:*5>-r. mimmh. «>6t/^fc 



[0 13 1] <:n6©^^fig*tcfe(/-'T. )?<^^figft 



m^'^s 8) o IJ(±-r\ fg|Efe**SB^a5©7r-t<y h 

mts m$^aX'^?>m^is^h^ (»^5 6) <> 

[0 13 2] ^tlL^^^^Oii-^lCOl/^TSE^So fl^ifo 
[0 13 3] LA^fe^®*!^. ilii*lt-3fcit^«©ISB^B 



:*^'S!/^7T-i2>y 



[0 1 3 4] ffc. ^mmmmffywwithx. m^^ 

[0 13 5] $fc. ilig*itofcitlit^©|gs^B^Pi*^ll 

[0 13 6] ig^^^Pim-^MHtt. n^tom^^yr^ 



[0 13 7] ^-LT. ^©Tti:fis 't(rm-^m<DTKm 

t^^^Pi^WLTJ5Sc5-r5*fe^V^ (11*116 2) o 
[0 1 3 8] ^eiCv Sfe^S^^il^-eSS*^. 
teM^^iS^i:LT. SSll**^SSo G aN« [0 0 

0 1] tttc*3i/^Tfiitt^#o„ gp-&, (0 0 0 1) mt 
(0 0 0- 1) mtx^mtm^^^o z.(D&m.h\ z.<d 



1-1 0 0 >S5l''}4< 1 1-20 >iDH-fe5.*^-Z? 50 l/VEP"fes li^^ofcit^^^O^^^^ 



seal 
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mMHii. [0 0 0 



[0 13 9] mt>. ISb^ 

mmt. [0 0 0 1] M^^mt Lx^&t^ c$mm 

6 4) tl^^oCtX'&^o 

[0 14 0] c commit. mm^oyi^^B^mm^nH 



it. {1 1 -2-5} S/cfi. {11-2-6} i:LT 

figfif ^ m^me 5) o 

[0 14 1] MM^fim^^ji^^^^it. a^^^^^H^B 

:^P1l*-^MSH©::^iR!*K i - i o o >t$.Dv 

^V^7T-fe'y hBtiv {1 1 -2 5} .$/'c^4^ {11- 

2 6} tbTfiScftfS (fi5}<3S6 6) o 

[0 14 2] :^K^^»^o\rsitov^Tai'<So mm 

'^(Dm^BXmM^^n(Dmiis 1 m;b^5. 2 0 0 /i m 
[0 14 3] 1 iimf^-'l^WMmat'Bim.-e 

^tCs IIS^±;b^6>±PIii2 0 07imi:Lfc. fi;:^ 
ms^^^BmMZ(Dmi>t. l O ^mA^e. 2000 /im-e^ 

^ilLfc (If3}<:«6 8) . 

[0 1 4 4] einti, TPSfis 1 0/im@i[A^5, H 

[0 1 4 5] tTSffl-rsfci6ti: 

^WLTfigft-Ti) (bI*«6 9) Ciljb^jfeJST'fe^o ^■ 
llT^M^x 2 0 /iinJb-'?) 2 0 0 0 ^irailfS 

[0 14 6] i^K, $n{5fJC^B^^^Pi*^|M«H^ 



^Pfe#^rH«« z ^^sf § 7 1) 

[0 14 7] mmt. j:©v7,i'{iT*afei:ic«l%Jf 

(11*317 2) o 

[0 14 8] in©vx^©±-r-St:§^^^^"^ 
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i^ffiA^figft-rs (if*a7 3) 

[0 14 9] e:£D^-&v7.^iD#Kti:oi/^-rTIB©<t'5 

(li*Ji7 4) o 

[0 1 5 0] a&si/^a, vx^'SP t^^^-^itwr^^^ 

[0 15 1] gSt^ii. -^X^it^'iiFmA I 

[0 15 2] SSI/Hi. Vy^t5'{i«ffi{C^^SG aNO 

10 mmhtcs i 02 ■r-^iS.t.^ (if5i<3i7 7) o uni^mm 

[0 15 3] $fc^ ^^©^jiT'P-tXilLT. Ti2A^ 
•^©±*^5.GaN*fiS4S-r^feO (IM57 8) o 

[0 15 4] Tmmw±icw.ts. vxi'W^jfML. a 

iBKU ^©±Ji)^6.G aN^^Sf-SfecD (11*:^ 7 

[0 15 5] x'T.i'Oft^tc^fct). Tmxm.± 

0) o il(07°P-bXli:. ±aiOfS*a7 8, W5RI17 9 

[0 15 6] ft^f ^vx^tcoi^Ttt^ 

fci6cDVX^©fShtt 1 0 |im*^P)2 5 0 /imipfe^ 
(«SRS8 1)0 

[0 15 7] m^n-orcmm^<Dm^BiKm$k^mH^ 

40 iimt)^^ 2 0 0 0 /im-^feS (M^^8 2) <, 

[0 158] Ci?DJ;5tcbT|grBfigSLf£G aNlSs^a 

'. Mo 1 5 9] .fe§VH4. .^l^ft^©fiKM«ffi^^:^3t/^ 

50, T. :7x-b/;' hM/b^.6&,?.a^«U-. ilSit-o.fcEII 



(18) 
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[0 16 0] $fc. ^SsialilLT. T.^-YXtal. Sf 
SOijOX. 9 >y If y ^"liDX® ^ Si!>& < t fe-o:£#t? 

(IS3)<^8 5) o 

[0 1 6 1] $fc. dclS-eM'^Ttfc, TimUhh 
X\t. GaN, ■y-^T-^'T. S 1 C. Xlf:^;K GaA 

[0 16 2] <I<DJ;5lCbTfF«2tlfcafb;«j~U'^i.# 
[0 16 3] fe^l/H±$fc. SffitS{£«i^t»ctC#t>T£: 

Sfi-j?^?. (fisRaa) <, c:nf±HZHZHZ-^«o 

[0 16 4] »KiDSffit#a-rs{ft^pfe#MB^H^iiz 

i:. |gii,^Pi«^ffifticH;!j^\ ftE^BtcfSff Silicon 
[0 16 5] *fc. ^ffitC#fi-r-S{g^ffi#«S^ffli^Z 

[0 16 6] mmiz^^t^. w^^n-^mm^KWVTc 

Mfifi«Y*Mg^^P<§¥lgilM^Z (Dcf^P^fcfe H Z 

Y Z H i:*5«jg%W^saSf£ii>/va il il%>/^oTV> 
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[0 16 7] $fc. «ffi£^03iLT#ft-r?.. m^n 

[0 16 8] iL^lC'^^rc^oiC. Igrs^fiBftcCTtC 

cmomm^^^Lx^&vrcm'^. ffio^s© {1 1 
-22} m^^LX!S.mLrcmmzit<. tmm'^^^ 

Yt2 wm> 5 3b\ C Y Titffita/b^ia v^Sda 

[0 16 9] ^mmi±-^^. m^n'^umm^wxsrc 
ffi^Rs^^ram^ z ©ii iSff 5^^c. fi^if ^ a^^^ 

[0 17 0] gffilC^DjgLT#ffi-ri>. II^If-SEil 

««t;:st£Sitttc. ffiMfe^^B^Biiiiztf^ioT. S 

[0 17 1] sfiSffitc#it-r^. fg^^Rg^igsiiffiW z 

9) o 



[0 17 2] sfiaffi^^fg^Pi*^B^Eiaz. iSb^b^ 



•jAas-efes (it«Jii 0) o 



[0 17 3] L*vb. gs^B^Pim^MMHfi. t?L?.. 



50 
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[0 17 4] mrnxmrn^-mnimmmi)^^^^^. m 
m^m 12) -^a&So 

[0 17 5] mmxmm-^mwimmmm^'^fj:^. m 



CO 1 7 6] m^mxmm^mmm^^Miib^^rjii)^ g 
[0 17 7] m^B^f&m^i^mmmmti^^rjii^. m lo 



[0 17 8] ^^xmm^mmmm^t-^^rjiio. m 

[ 0 1 7 9 ] asg®*^ (0 0 0 1) ffi>£iffii:-r^ 

[0 18 0] m^Bxmm^mmtmt^i&ii^mmn^B 

\{\:i3')^LMmX'h^ (ff5f<]Si 8) o 



[0 18 1] mB^tK.m 

[0 18 2] ^B^B^P^m^MMHtt. m-^m.^w^m 

mtiJ 'J A«S (ft*S 2 0) Tfe i, o 

[0 18 3] iSB^Hi!^ss*^i^Ha. ®^-r2.<a^Pim^ 

^^^BMitm (ii5i<3S2 1) 

-So 

[0 18 4] IgB^^Pi^-^Hi^Ha. ^■r5{g:{«:|5i-*iSiS 

i:©P5T\ lfiB^<i6^(R]A'«?S4««4LTi/^§¥J5B^Bg{t;^"y 40 
•^ASS (W*«2 2) T^fe§o 

[0 18 5] it^n'm^-^mmi. m-^&^nim 

;^:^-^^wm^Bmm')'^h.w&(Mim2 a), t?^ . 
Co 1. 8 6 ] m^^m^'^m\ii..m-^^^mm 



;± 

■a 
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4) Tfe-^o 

[0 18 7] iSBiMi*-a-««Htt. g-r^fi^PS^ia 

^Pi^lgB^ggPJi, »ffi«®±ffi*^ (0 0 0 1) ffiTB 

IS^^ffi^^i^H ti. SSSffiO^ffiA'! (0 0 0 
- 1 ) mTM>^^^MMit:lSV '>i:.atS (lf*^2 5) 

[0 18 8] sfc, smmmo. i&imm^^mmmz^ 

:®2 6) o <1 1 -2 0>-e^-pT*>S!/^ 

(W*«2 7) o 

[0 18 9] affif*Igi5tC*31/^Ts ®i:LT#fi'r§f6^^ 
Pj|#^B^HlIii Z «3 Jcm^B^B^Pi^-^MiiH (Dl^^mt. 

< 1- - 1 0 0 >:;^(Rj*5j:t>*< 0001 >73fRjK¥tT"e^ 

^^^mmti^'V'yL.mmx&^ (it«^2 8) o 

[0 19 0] a«TOe43V^T, ffii:LT#ffi-r^fi^ 

20 m^^^sMm z t5 j; mga^B^Pfem-^fiSH ©^j'^^ffiii. 

< 1 1 - 2 0>:5fRJtictt>'< 0 0 0 1 >;eFlBjte:^^TT'S 
;S^|*B^B^fk*'U'i7AaSt?S5 (|f3R3l2 9) o 
[0191] «^RSmB^«ii|lc<Oi|iA\ 1 0 /iiriA^a 2 
000;xm7?fe^ migH^BSIl:;^" U "i? 35 § (M# 

^3 0) o imtiCffi^fi^MYA^^SLSrl/^^-a-fi^ 
€)i:*5D{g^RI*|grBMMZcDi|izJ&igi*-r§*^. Cffi 
Y *^#ffi-r Si^^tt 2 z + y ^mttf ?.o ffi^^ 

[0 19 2] uiizm^^^mM(Dmii\ 1 0 0 ^im^^s 

8 0 0 limXh^^^Wamt^^'} -^i^SfiTS?) (ft* 
«3 1) o un«,Cffifig«®i|?Y3b^#ffiL^V^«-&«^ 
© i; *5 D {g;^B§¥ISB^®i?ic Z z ^^M-f 5 A^.. C ffi 
figSHM Y##i£-r^«^« 2 z + y ^Mft-r §0 

[0193] ^B^B^PS*-&^«?H ©i|SA\ 1 ;i m*^ P, 2 

{fcii'U'^Aas cm^ms 2) 



0 0 /imT2&-S^^Bli 

[01 94] ISra^Pil; 
8 0/xml?fe5#^BWb;!j'U'>AS«T'£S (»*« 

33)0 

[0 19 5] {fi^RS*^IIMMZ©¥±£lMafefiLaS 
A\ 5x10" cm"' iilTXh^^m^B&itlffV'yA 
a« (ttAR«3 4) X^^o 

[0 19 6] ^xm^^^m^zK^i^^x. i^mxmm 

< 3 X 10' c m"' iMT-^.feSC i:*^^^^ (ll*« 
8 9) = fg^RSmB^BPiiS Z cDKfflfEffiSfi/!)^ ISbI^ 



a PI 



3 5) -esSo ■■ 



(lf«ffi 
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[0 19 7] SISXffitfeV^T. 

[0 1 9.8] mmmom^iDm-^ii. 



1 /imJWTT'fe^ 

13 7)'c 

[0 19 9] if5R«2 5imm<DM^^mit:ffv^i.m 



(000-1) 

Pi^^M^Hfi. (0 0 0 1) 



fe?. (if3l<:^3 9) o 

[0 2 0 1] m^n^tcmM^om^axmm-^mmH 



[0 2 0 2] i|i%^ofcitM^^©*a^:k 




^P5Pll?M^. Mv^if-. 2 0 ;i mA^P) 2 0 0 0 /x mT' 

^^nm^m^cm 'y2^m&r'$>?> m^mi Do 
[ 0 2 0 3 ] $f $ L < m^n^ rcmw^(Dm^B^m 
m^MMnti^mmmT^^. ^y^ti\ ioo/tm*^e. 
1200 iimv&?>m^^mitiso'^i.mmr'$>^ cm 

*ii 4 2 ) „ 

[0 2 0 4] i:A±m'^r # fc*s^gft/?j' u 

[0 2 0 5] mn^yhm^icmmT^yr-^y 

h;&M I 1 - 2 2} , {1-10 1} TSi>i:M'^fco 
■TTtxE'^fc * 5 alSS^* a T% c ^S*^ c "e^ 

^Ef^i:, {1 - 1 0 1} ffi^DCffi^^^^•r?.^it^^i^ 

tan" (3'^' a/2c)-efeSo {11-2 
2} mocmicMt^m^mt. tan ' (a/c) 

[0 2 0 6] {1 1-2 2} (DcmKMt^mtne^ 

lit^ a = 0. 3 1 8 9 2 nm. c = 0. 51850nm 



- 1 



(3 



1/2 



3/2 c) =2 8. 



f-fe^.A-'S. tan 
0 4 3° -e^^o 

[0 2 0 7] {1-10 1} ©cffifcM-rsiit^iem 

ti:. tan" (a/c) = 3 1 . 5 9 4° TS^o 
[0 2 0 8] 139 (a) €»J;3tc<l-l 0 0>7alRlte: 

(1 1-2 2) (-1-1 2 2) ffiT* 
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[0 2 0 9] VmiDM-i^y. BnmX 
^hfr^t77-iiyhm il 1-2 2) (-1-1 

2 2) (DluiS^'O liVcosecQ, T'$)D. 77-b'yb®0 

[0 2 10] ^^m^mm-^mmH. cffi^ftM«Y©tf 

«y P -r 5 , ^n«^^:5«JPi*^MiiH h 

MM Y iDg y *i)D^ fc © t ^ 
[0211] 

p = h + y + 2 z = h + y + 2 Vcote, 
[0 2 1 2] igS:5^Rim'&M«?H©*IhfiXh^^':/v 

'y^pfeSJi6©Kti-{cJ;oT8^$^o ^^:J^Pil*'g^iS 
HiDifIh/b'!l>m~2 0 0 /imT\ t;'yf-pJi2 0 /im 
-^2 0 00/im"f\ y + 2 zA"* 1 0 — 2 0 0 0 /im"t?S 

[0 2 13] 7> h^-Y^VX^Oilis tl£>yf-p*#^ 

§ip-ei^rB^^R&*-&MiiH« h ti^:ki^^t 0 , H Z Y Z 

HZ Y Z---©Jlffi®t;-y5^{4v7.^t!'y^p^C#Ll/^*'' 
[0 2 1 4] V>S©?^^VAm^9^«> CffifigSHW 

Y ©fey t^^mm^ t^o L v«©ai$ ytim<rj: 
^ t cmf^smm (y = o) -rso cffiBScfiii 

« 1 - 1 0 0 >:^i«i© v?t©^^) 

h) tan8. /2 = 0. 3 0 7 (p-h) 
« 1 1-20 >:;^[R]© v?i©*&) 

h) tanG... /2=0. 2 6 6 (p-h) 
[0 2 17] tcfcoT^J^Sn^o O^D V?i©^^V 

ti^»:^ niiw-mm ( c m^sm^ y ) oifi y § i: 

[0 2 1 8] ^LTV}f©gg* V*V>V. tLT7r 

■t h^fis-drna' c m^&mi^ y o 

'^•s mmm-vit±r c s^s®^ y ©g y t 

0 (y>0) ^ V<Vc ■??feS<J;'5ti:*oTt/>§o 

[0 2 19] mtcKS^^nsiMi ©-y-^T^^uAtr^. s 

= 5 0 /iin^ h = 4 0 /^m, p — 4 0 0 ^m^ y = 3 0 

ftm. ff^T= 1 2 5 0 /imTfeSo C©ffi^Ml/^5 

i:. v«©gi$tt. v = 1 0 0 fi mr\ mnUZitVc 

= 110 ^im-?-fe?.o i&xm^^BBmMzomit z = i 

[0 2 2 0] Sfc. 2^^B5T't4fg3XKT-^{b#U'>i:. 

tfi*^fR}fc{^t?fc^:yc©Mffi;b^e>*^7 7'-t2>y 

J^^L. ^©7 7-tr.y f W^MiOtc toSF^©^g|3tc^a 



[0 2 1 5] 

Vc = (p- 
[0 2 16] 

V. = (p- 



(21) 
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mmmm z ^ c m^&mi^ y ©sffi^? i t&^<mLrc 



^3 



m 
lit 



Cffi^fifI«Y®{iSttaS^i;^-o±tclS^^fi 
it. ffi^PSmige^B^iS Z t G ffifigSM^ Y tilSraSjii: 



&mM Y 0± 1 7 7 -fe h ffiA^ 5 ^ ^ Um S ft J±7j<¥ 
*7yt-y l>ffi*«^ns ■®^«lP(l*^rB^«ZSfc« 
C ffifigftH^ Y ^figft^ ■li: 2. ci i: T^' y =r >y b ;fef^S 

[0 2 2 1] 

disifi^ji [^ai^iji (•9-77-r-vs® ; •9-77'1'^s 

« ; 0 1 0) ] *|^0^OG a Nafi^Miit-s:^?^ (H 

Si:LT-9-7 7'<-VCEB»l4 l*€fflLfco Hi 0 

(1) it-^y7-^'V&&4 i^m^hx\^^^o lt7r^ 

irliH:^^^ (Hexagonal symmetry) T'SD^ GaNfe 
ISID^mtdS-r^o fEtCllfflft^nTl/v;^ L E D, L D 

■e til? e. -9- 7 r -^^ C t/ ^ tiT I ^ •§ o 

[0 2 2 2] ■9-77'-r-¥a«4 1 tC^i6M0C VD^ 
(*ti#«CVDjS) fCcfeoTs j?^*52 /tm«)G aN 

Xt;g 4 2:&KttfCo H I 0 (2) tCC^^^tlOifffilll 

[0 2 2 3 ] G a NaitfJ14 2 CD±ffilC. iP* 1 0 0 n 
m©S i O2 K^— JiitfigMbfCo 7*>.UV^v7i' 
ic i o T 7. h 7 T'i^cO-^T; ^ / - > 4 .3 &mjS.L 
fco ® 1 0 .C3)Ji:.C(D*cffi03 
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)• 4 3 tin \:.m<D^^X& t) ^F^PitM^'o G a 

/^^-yA-Dfi:. Xh-7l'7°©«^:SlRlA^'GaNxt; 
P4 2fiD<l-l 00>:^|Bli:l/fCo -^SD {11-2 
0} ffi (AB) ic¥^yXS)^o /^^-yEii^ Xh^-f 
7"<Dfi¥73l^*'5< 1 1 -2 0>^l^i:Lfco OSD {1 
-10 0) ffi (MM) (cWe36§o Xh'^'i'P^ (SM 
gP4 3) ifS^s iiU vx^O^l/^G a NxifHoKM 
gWI^ttfSo /^^-y©lf>y^^pi:-r§o p = s 
+ tX&^. 

[0 2 2 4] /^tJj-yA Xh-7'l'7°itis = 5 0 /zm ; 
tf-y9^p = 400/xm: t = 350/im 

Xh7-f'7'igs'=2 0 0;im ; t;>y5^p = 
400;im; t = 200^m 

/i^—yC Xh'7'l'7°4is = 2/im: lf>y9=-p = 20 
/im," t = 18;j.m 

/^^-^D Xh^-Y7ifis = 3 0 0 /im; tfy^p = 
2000fim; t = I 700/im 

>'£ Xh^'l'7°igs = 5 0/im; tf>y5=-p = 4 
0 0/im;t=350/iin 

[0 2 2 5] ^n^n^Dx h'7-i'7"^^^-yA. b. 

Cv D. E«:feoKiS*-9->7';l'A, C. D. Ei: 

[0 2 2 6] n)-^y-/}UA. ■^y'y)iB(oi&& 
xhv'i'7'^^^'->'A%feo-9-y7>At. xh-^-f:/ 
/ ^ ^ — > B ^if oit > 7";i/ B ©±tc H V P E ± o T 
-G a N|g^^fig5^^±fc= H V P E^B^^:feV^T. lift 
OSiiS'iPtiF^BPX^^tC G a p< ^?;l'%lRSLfc G a h 

^^tT:«itcti, aS:&±[fi]ttcSggbfc-9-fe7°^A's^ 

Hf §c iiciTti. +i--b7°^JAi:-9--fe7'3f B^-9--fe7°^ 
jc«-li:TllIb^f4^-r-G a NfigS^^i^io 
[0 2 2 7] SJ£*P©±:^i*^67j<*;yX (He ) tmt 
7m (HC 1) ;S~X^Gai}-*-h^i:-et|&-r?.J:3t%-p 
Tfe!5^ T>'^-Z;^iX (NH3 ) i:7j<^:^;'X^-9-fe7 

yJcE^'Xii^^ U ■^:a"XTSSo 

[0 2 28] mmm i T'», sjsrt±mi: bx g a d-^ 

-Mi 8 0 o°cii^±tcijniibfco -^yr-^-^Mmt 1 0 

5 0 ^fciB^bfco G a ^; H C 1 ©SiS-f— J-G a C 1 

7b'?-&fi8*ti^c G a C 1 **:TKbT»SM3£tMD7>' 
t-7;^'XilS:j£-rSo RJSifigii^TfeSG aN;b^, G 

[0 2 2 9] xtfjl(7>^g^fftt:^(Dat)TS§o 
1 0 5 0°C 



l^3^t"o. S i O2 50 



NH3-^E 0. 3a tm (30kP aX 
HCl^'-E 0..02atm( 2 k P a> 
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[ 0 2 3 0 ] C OjtSO^Sx VX^>'^^?->'Av 

^'/^3?->'BcD±t, 2 5 0 p mj?3^CDG a NXtf 

(4) li^o^m^^hxi^^^o 

[0 2 3 1] [+i-y:/;l/AOli^ (S EM. TEM. C 

L) ] t^f^y^jvAic-Di^^rmm^m^mMLtco 

^43 t±Ty]mvmC'^r?>c OS t) V?fjS4 9*^ 
IC. V?i4 4<D7r-fe-y bffi4 6 i:¥ffl§P4 TA^^ftf 

[0 2 3 2] ■^yy)i'AcommKmn^yM4 4©tf<y 20 

^4 30b°'y5=-pi;ra— T'2b§o •0S^3VXi7f4a©± 

liiS*^"*^ i 9 tc. 4 0 0 /I m If 'y ^(7)04 i:S!b^'SStc 

2} ffi^&feOtjOT^ofcc < 1 - 1 0 0 >y5\H ( { 1 
1-2 0} ffitTO ti:;^hv-r^^0^L/£*>&. 7 

ti:f±¥±igN 7*^B5>nSo CintiCffitcWZ? ( (0 30 
0 0 1) -®) mMX'h^o Hf* 3 0 /i mSK-^fe o fco 
V^4 4*«l^-rS7r-b-y hffi4 6. 4 6©«<DVlf 

£4 9Jc{itulE€'7r-fe^y h J: D?^t.-^:^fioSiJ07r-tr 
ffi {1-10 0} -^-S^cTiit^MU ^OKffi^S^ 

Lfco mm^'mt. (s em) . ;?jy- 

K;VS:7^-feyx (CD . ^TtHISMJ;: J: o fco 

[0 2 3 3] e©ll^0^aVjS4 40)S4 QtC, fe§ 

ffi©§P^i:ES'J-etSgp^^4 5*-^a?>c:i:A^-53'-A^ofc 40 

^fiicS^iR] (cW^iRi) lam^^'p^ i^mm^mm 

H) 4 SttfiAU 0 /img-e35oT, C Ltc*3t/^T. ffi 
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[0 2 3 4] t^K'^yyj\^A^C L V- K/bS^^ 

■fe>'x) i: T E M (Sii«?ii«) \^^-^ri:mm 

$ O PtV^||4^(D«#M 5 OtC<toTHSnfcgl55i-_4 8 K: 

fim^<©t5fe*^#feLfcc 10'~10' cm"' 

ar) Bt^/^^:yc0^w^5 0 (m^c|gH^Bfe^KT^§<: 

©^1?^ 5 0 ^imPfjK i o T litel5i*^-0 ?> ^ 0 S4^::^|5fl 

■pfco 0$»3«^^5 0OMiljai5:^®^B^73ffi{*{5{?|5l 
[0 2 3 5] ( C L tr-mT) Bf 5 0 dge^fii^ 

K ) (D9\-moim ammw-mmmm ztc "smsmm 

O' ~1 O' cm"' . ©*gSOKfi[ag®ei5^'-*^^ft 

■rs i>(D<Dmnu 5 0 A^^fins K Lfc*^o rm^^A 

itMMKWPT^o OA^P) 1 0 0 /imgStSI 

ns (ffi^«;:Pi*^rB««z) ii, iigfiasa 1 o' ~ i 

o' cm"' ^c«.fiTL-T!/^§o mmic^^xim^m 

©jfi < 1 0 ' ~ 1 0 ' cm"' T'^^gP 

^fcS^o Ml?S5 0(D^gP (ffi^^RI^^B^^i^Z) 7? 
{± 3 tV^4 4©j£4 9A>6itnSti:tKoTefiL 

[0 2 3 6] yy^y hffiO|lj0a5^3Hi:¥iiffi4 7 
[0 2 3 7] 

-YZHZYZHZYZHZYZHZYZH" 

[0 2 3 8] ti^^o i^^rm^MUcr^^. fg^RI^IS 

B^Hffi«z t cmm&mmr'(Dmmi'p^£^^ti\ "torn 
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m^^^nmmz. cm^&mmY) -^-mmmmiw.'p 



6 Wrf^^Z tt7 T -fe <y > ^clJ^o Tfigft bfc C i: tc J: o 

[02 4 1] ^a^gi5^ 4 7 ( c mic^nr^mm^'T^) 



Co 2 4 2] aSt-^tCfcA^SSc ■(S^Hm^^ffliS 



CO 2 4 3] '^^KCCDX'^M'^^^iit. VM4 4\H 
■fe<yh®{i: {1 1-2 2} ffi;&^±?5li:*oTt/^^o ifeic 

M'^fcJcdt, ^ (V^) Jg4 9tct4c:n?>©7r-b'y 
§o :ftg*^^i/^i:v-"5®a4#g©}iitn*^2 

[0 2 4 4] ■y-^T'^VA. BtCfel^T. ?it/->7r-b*y> 

r^^fco 'D^x>Kmm^mw.mtmMB o. 5 o i:^^^ 

yy^^y h 4 9tCj;oTHSnT*3t)77-fey h 490 

'±#a fete :ciiE)!riR}K^ftbi:»^ < o: 

-■;C0 2 4 5] ^P>telia©?Sv^7 7'-t:'y hSitt. VS 
(S) 4 4 (DM 4 9C»ffi»e>3gfig^tLTi/^So 

V?i©*5fe (#EteSfci.) -p-a-l*: 
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■ofc&A 9©g|5:Ji-A^«fciS</^*Efe^^RS^fi*fcoti/^-5 

[0 2 4 6] ^Ocfc'5^:**A^€>s 7r-fe'y h 

m {11-2 2} ®te*oTV« (#) 4 4te*i65 

^Ste^a6P.n§ fcV">'5 d i:7b^t)*^':3fco 

Co 2 4 7] :*:|S0^«StC7 7-fe-y h 4 6^m#L:&A^ 
P>figS$'ii:SCiilc<fc-pT> 7r-tr>y hffi4 6^)Mt^# 

4 4©S4 9te«ffiLT. ^SI^-S-li^H^^fi^^i. 

^ Wffi K T-fgfii ^ fft'M ^ -a: § 3b^ S </ H±«li-r ^ o O $ 

C0 2 4 8] [■9-y7';l^B0tS^ (S EM. TEM. C 
L) ] ■9-i/:/;l/BteOV^TfeS EM. T EM. CLtei 

■DTgffi^l§IS®*M«L/co ^®ISm{i-y-v7';l/Ate 
20 [0 2 4 9] 7r-fe-y hffi§r^4 4©^ 

MMHOfihA a4 0 fimT'SofcA^ ^y/llBXit 
XMM-^M^ii(DmhB 1 9 0 /imSa^lSA^ofCo 
<ltl6{±»{£7.hv-l'7'vX^7iDti (sa = 5 0;im. 

SB = 2 0 0/xm) t^^LXh^^o zm^^^VX^© 

ii±te ^ *s <t n ci|itD^(:i5i*^Mi^H 



Co 2 5 0] •y-y7";i/AO^^R6; 



mt^—x^-D 



a P. 



[0 2 5 1 ] ^^lC^y:fj\yB(Di^fm 



e>te^l%*-&MSH«DI^gPte«5(/^T. ^0:^)^©|g^:/^{^[ 

CDS* -SBP^j-ffiS^^fe S c i: tjA^o fcc gP^'-liJl^Cilg 

[0 2 5 2] [■^y-fjVA. ■^yf}]yB(DmXi ^yit 
;1/A. ■^^^'7°;^B^DafiWt|fJtoxLfco ^•rv 
■9-7 r ^WSL^WmsO-Xm D m i: bfco ^-O^. S 

tT. ^a*igffi*^S^§ G a N»Si: bfco 1 

N»t6€>-tJ-:^7';kA. RtiHl 0 C5) iDJ:9 5:?^4^te 

CO. 2 5 3] dcQ-G aNBffia, Sffi^. (0 00 1) 
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[0 2 5 4] G a N(D^^y K^fcofil/^jS*© 3 6 0 n m 

[0 2 5 5] ^rcMkM-^i^mtmi^^::iyh'^7.ht 
[0 2 5 6] BJ5:Sl/->i:l^V^Hfl>i:t/^oTfeC LSOdi: 

[0 2 5 7] m.mmci^nrziKmm^mmn(Dmm<Dy 

1^3 y h h ®^:KiDM« (ffi^Pfim^Sa^MM z ) © 

Co 2 5 8] C LfitCfel-^Ta. {11-2 2} 

ffi-esKSbfcMMaa^^i/^ny >-7X h LTMk.. 

(0 00 1) ffiT-figfiLfc:fIj|lcl±0tt/''3>'h^Xh2iL 
[0 2 5 9] 

^^Pi^lgHMiScZ-aj ■ 30 



Ca^fiHiiY-fll 

[0 2 6 0] XPfi*-&ffiliHaHi;^7cWti:ff^^*Lfc 
ffi4^^LT45t) cf[fl7a(6l (i:X h'^^T'cOT^lR]) {C#t5 

[0 2 6 1] LA^Lft*^5.^>-55^Sffi^c?x*m■^Tt,^ 

[0 2 6 2] 010 (5) \t.mt^oK, ¥m 
So CL«, x>;;9=-V?i (S) . T EMtc j;■^TS^■r 
[0 2 6 3] C L^T«Mae*i«Bgl/^jfSt LT 

[0 2 6 4] iintiHi^WttiffitJc^PitffiSt:^ 



40 
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^Rim^li^H^C L-efe^#ffiK (5 0) *^Bft.^3> 

[0 2 6 5] ^PSm^^MH^v X h5-r:/vxa'iii5 

0 /imO-9->7°;l' AT{±4 0 ;i mi!iiTX K^-f:/^lc-f-S 

■rjfeo ^l%*^p:^HavXi'ii2 0 0 /imO+J-^:/;!' 

BTa»?Il 9 0 /imifiT'Xb^-r>^-^3&r3feo 
[0 2 6 6] ^y-f)Vk. ■9->'7°;l/B ilfet^sjpg; 



:a*PJ 



50 



[0 2 6 7] cffi^«Mii?. i&immm^mmm-eimiiL 
^« (ffi^Pfs#SBi.isft? z , cffi^ft^JgY) -emati^ 

[0 2 6 8] ^yf;VA. BcDG aNSfi^KOHzkJg 
?iti:iItJzaS*±tf Tx y f - y L fco <: ®x 5^ 

a G a ffi ax >y 5^ >' n^c < < N ffittx 9=- y n 

[0 2 6 9] ^0^*^RI*#^iiHjbW«tx>yg^ 

His Y. m^mw-m^mmz »x «y ^y^^^n^c < a^o 

[0 2 7 0] hh^^^tuM^^-^mmiit. X-y^y 

< i/^G a ffiT^?) (0 0 0 1) ffi^ttl;-Ji^< 
X-y^^'^^^n-^-ri^N (S^) ffiT?3&S (0 0 0 

- 1) ®i:^oTt.^Sgp^^t>S§x tt/^aciiT-feSo 

C®^Sfflft?Y^ffi:^Pi#i^^ffilSZ{iG a® (0 0 0 

1 ) Mlf *^ t> T'X >y ^ y ^'^ ntc < 

CO 2 7 1] ^P(l*^^«}i-gl5ffitt*'5^liUT:^<3S 
^ffi (000-1) *^aiTl'^§;5^e.K0Ht j;oTX'y 

Co 2 7 2] Ifyyil/A (VX^i|i5 0/im) v If^^:'' 
;VB (-7X^112 0 0 ;im) ® G a NSSaS^W^tt 

^-^iiHCtlhT-fei. (Ka = 4 0 /iin. ha =1 
9 0 /im) o^tiax h'5-l'yvx^ (S i.02 ) (Om 

CO 2 isrw&wsi^x^^raf^mKmm^rcib 



(25) 
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[0 2 7 4] Lyb^LfeS t) t^Pfl*-&MMH:&/>$ < b 



■ffefe^fi^T^f 5 c i: t * i \ 

[0 2 7 5] WyfjlC (.:^hy-^f-^7.i>ms = Z 10 
/im. t£-yf-P = 2 0 /im) ©^ft] 2/imii, 2 0 /x 
mlf^yf- (s = 2/ims p = 2 0/im) OXh^-f^v 

^©■9-:x7';i'A, BiiRilitiiHVP ES-e^fiS^J;'5 

[0 2 7 6] 2 fimiliSCiXh^-fl/VT.^ 4 3 

(S i 02 ) 3b^GaNtCJ;oTa$oTtSl/>7T-b>V 

vx^ 4 3 *^5)^*-r§ i:i/^'5 J: ^ :&iB^lu^e>^*^o 

fco f£;5^5Xh5'l'7'-x'X^ 4 3t;:i:oTV}i4 4©pf3 20 
it (JK) 4 9*3l^f ^Cl^A'^tJ^-f V^^S^'A^^r-fe 

[0 2 7 7] ^dTHVP Em^'Plsb. MOC VD?ifC 

J; 0 jit/^fiScfiagt j;oT G a nmm^^Sit^rca ^ 

mm&^Wtt(DliXh^-ff-?X^ (S lOa ) 4 3 
5t)^€>V}«4 4 (SJS49) ^3i-6±A'5e>-iii.fc:i&-eS 

[0 2 7 8] MOC VDSt^^MG a^i$t>-f. Ga^ 
•&t?W«^M (TMG. T E Gil) >feJil4fr5o 30 

T'tt^ ptj'xii^tbT. h';>^^;i';9~U'>A (TMG ; 

^MM& 1 0 3 or 

NHs ^JE 2. 5X 1 p ' a tm 

[0 2 8 4] (KDfigfttCioT. ff*4. 4mm©Ga 

4 4 (OmW- 4 9 tCt±:5^RI«^S«H;b'SMPliJiEL < 
t/^fco :^^ll*-a-^^H©fiZ;B«. ?!Ji6©G aNM0±li: 
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, [0 2 7 9] Ri&^o^'f^^ic^yfjic^m^^r 1 

0 3 o'CKtmu Mn-ffx^nzr3m 5mit= 

1 : 200 0Tft^LTGaNOfigft*tfofCo l&MM 

7r-{r^y hS^^t"^ l 2 O /i mfSfiOff G a NS 

[0 2 8 0] iItlfi:J;-3TXh^l'7'VX^4 3CDil± 
ti:j£4 9^«)077-fe"y h<t O^^V^S («) 4 4gffi 
©G a NlSs^BfiScft^^^tT^tlfCo V?i m) 4 4 CDS 4 9 
*^7.h^-l'7'-7Xi'4 3 0featC-&StLfCc Xh^'l'7° 
vx 4 3 ©IBMtc J: i9 V-1 (S^) 4 4 ES©©Jffl!*^Rl 
figT'$>^<, V?* (S) 4 4©i£4 9t«:>^Pi*^fili|5H 



[0 2 8 1] "^yfjlCK^h-^Tii'^Xi^^sitZ fim 
i:«i6T/jN^l/^A\ VP («) 1S4 9}J:T#fc^^Pfl*-& 
lliiHfe^-nteOtlT/h$<Tlih« 1 /imS^T'^o 
tco Of !5;i(3DJ;atc»^Xb^-i'7"vx^^-c«>77-b 

-y h J; D * § V p^m^©-fit»^ J^/t-e # ^ i: 1/ ^ 3 ^ 

v^vx ^ ill bEB<Dffl^^^^:P^I*^i^H cD^4^^^S 



[0 2 8 2] [■9->':/;l'D (Xh'7'l'7'$Ss = 3 0 0./i 
ms tf^y5^p = 2 0 0 0 /im) OsScSl 3 0 0/imitS. 
2 0 0 0 ^imt!'y^<DXh9'f7'vX^^W"^-i)''^^'- 
VDlCOl/^TG aNj^S^ffofeo CinavX^ili s *^ 
;^#< ify^pfe^^ti/^fOT'S^o Ma©-9-i/7°;l/A. 
Bi:ra«ltHVP EjiTjtft«-1*:fCo HVPE<Dfiicfi^ 

[0 2 8 3] 
(2. 5kPa) 

Sb^naSaoX h^'fT'vX^ 4 3©l^ -y 
bv^o ^®<t5**IMiJIEbV^ffiStcH^*nfc7'yXA 
4^®ii4iiiEbi/'^B4^*{ioTV^fco b:6^b?gA^Wnx S 
gi5^)-^7 7 -fe ^y h ffi©^ffi*^¥ffiT'?S: < giJS® 7 7 -fe >y 

H©i^httl^l2 5 0/i 



[0 2 8 7] bA^b^^P 



IS; 



[0 2 8 5] b3b^b^:6^&. VS (S) ^Mf^t^yr 

-ty hmm^iimtipii}>^ fete h *>^*^ofc» S fc^ 

•X ^ tc^jS bT^iMiJIE b < E?iJ bT i-- ^ 7 7 -b -y h ts^ ^ 

r£^\Uo)^^Km(Dfht tf -y >-^/JnS v^^i4*^'^^■r 
s bfe mff 1^^^^ 

. [ 0 2 8 6] :5sLRS»-&M«Ha 2 0. 0 0 /i.m K>y 



;50 



[0 2 8 8] ^fc. m^thx. ^mM^i^nomh 
1 t®<i b^-tiJb^^siRimr&s^H^MAT^ i&x 
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Ri#iSe^M«( z ^ c mmmmm y t $ x-jAti^ ^m^is^h 
[0 2 8 9] rct^m<.tnLrh'ri.pmiiLW\^h?> 



-2 



5X10" cm " &rfX'&^i&U&.Xh-^tCo ioT 

[0 2 9 0] Li-'Lyrizyh momm'^iz^ < iltifc 



[0 2 9 1] ■9->'-/;l/A~DtcJ;^ 
*'&ll^HOlih{i:2 /im~2 0 0 /xm. X 
^■%-^§Xh^'<:/VXi^©'ISs«2 /im~3 0 0 /i 



Xffi*-nll^©t!^y^pfi:2 0 /im~2 0 0 0 /xm* 
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[0 2 9 2] [■9-y/;l/E (Xh^-fyTslRKl 1 -2 
0> ; flis = 5 0 /im. \£y^p = 4 0 0 fim) <0^ 
S] < 1 1-20 >l5{^lzWn^ 5 0 /i mifiS. 4 0 0 /i 

m^^itmmm { i - 1 o 0} izw-nx&^o 

[0 2 9 3] ;^^'-yAtit'7:;i.^:^mm^s^rafx 

H V P E tz: J: o X^&t'^fco H V P E ©^fi^fi^a^^ 
[0 2 9 4] 



10 



:iiBi.i 



fig; 

H G I j^J£ 
[0 2 9 5] CCD/^^—yam 



1 0 5 0 °G 

0. 3 a t m (3 0 k P a) 

2. 0 X 1 0'' a t m (2. 0 k P a) 

1 om\ 



M<T 1 omm 



-2 



'Co 



t i o XW-i^m^ii'^ 8 0 0 /i maSiD G a NMl 

&M&ti^S<r£t) 8 0 0 /im®$)$DJf <*t/^&aNlS 
[0 2 9 6] iimtCd:oT«. ^SO#l**^M4UT:fe 



fco Sfeffit/^fifu^fitiS X 1 0' cm Xh-otc 
[0 3 0 0] ^y'f)VB.cr>mmi'^. T.Y'y^fl^^ti'' 
< 1 1 - 2 0 >-e$.oTt. *5l0^©fl:^/b''E^?)n 

[030 1] EIISIPJ2 (G a A SI, ^^7^-^ 



7T-fe>y>ffitOl.^Tfetfe.O^;6'::;^#l'\ ifej. 30 -f. GaAs 



H (A + ELO) 



1 1) ] 



[0 2 9 7] b;&^L^;b^6S4(D^*, mMiti'^-^WL 



Co 



[0 2 9 8] xmm^WL\i(Dmm'm^m\.tctz 

E cnSTO-y-^T^;!^ A~D i:'>bB5o 

[0 2 9 9] ^ P. |;gs^B*®fefi^ 

#^C/J^^V^^l^^ iliiJb^^^^^ofCo ^^^Pd^^^HOofi 

<-ett7x 1 o' cm"' h\^^om^h-^tct\^mm 

(Dxmm-^m^is^^m^^ \zm-^ xm.\tmmm'> 
mmmmm z . c ^^mm y ifcD^i^^s 

- 2 
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(1 1 1) A® 

n. cffi (000 1) ^yr-^^ 

/V (1 1 1) SS iS« 
[0 3 0 2] Si fi^V-irt^mjfiiOli^^lSTS 
So GaAs fiPgffiiSSSMai (Zinc Blende) m(D±i5 
^a^X^^o G aNfiATae^lST-feSo ^(DCMliSm 

mmnm^^t-Oo xr^m^it (i i d M/-£tt*^3@ 

Mm^^^-O, =triX S i i: G a A s t^HH^^a-Ntt® 
(111) ffi©«S*ffl</^So G a A s ® ( 1 1 1 ) ffi 
ttG aM^ A sM®l2:giJ:6^^So CCTaGaffi^M 
do AffiilV^d©a3:KffiT-ilc.T'ttGa®T'feSo ^ 

lRl{i:fi!<;fi$-y:§fci6-9-7 7'r-Vf±CM (0 0 0 1) 
-3^)g^^S«i:-r:5o 

[0 3 0 3] HI 1 (1) ~ (3) KmMWS.<D±\ZQ 
a N%«ft^-a:S:&}S%0^Lfco UStfil 1 T*ttS«a 
;K4 l©±t^V^G aNji:&ftttT}b>5.V7>i' (S i 0 

5 1 ©±lCVX^M*#!'tT7, h^-l'T'VT,^ 5 3 

5 liuO. 1 II mM-^ 



lii^fifiSx 1 0 cm" l^ATX^'Oi&^iM.Xh^ 50 .^DS i O2 g^ML7* h U V:i^'57'f t J;-3T/^^ 



(27) 
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S8 2 0 0 3 
52 



18 3 10 0 



[0 3 0 4] C(OMM9i2X'iiA^~-yAtiim^j:^^^ 

■7 X ^ 5 5b'« ^ £D v X ^ ® * 1/ ^gPi)- X e 4^ ^ ; b 
•7'r'^;l/;J-— •ifD— X (epitaxial lateral overgr 

owth) 0>'^^'->'^lRiaftifMLfco oOELO^'^:?- 



* Co 3 0 7] 



V Hi/^^-^'A^E LO (^T-^;!/^^*) -TXi?;^* 

Co 3 0 5] -'^3?— > A Xh^l':/i|is = 5 0 ;tm. 
lf>yf^p = 4 00/im 

>'^^— f^^'-yA iSOfimSs 400/imp) 

+ ELOVX^' (2 /imx 4 /im ; /xlslJifl^) 
Co 3 0 6] Sa*K<0±iC*gtCVX^/^^?->'*S 



10 



lzA^c-yA^m.<'nc (1 1 1) Ga 
it^^^f-yA^Ktj-fc (0 0 0 1) -^t 

:K^^^~yA^m^nc (111) Si 



•9-y:/;H : asiu/'^^-y I (^^:5?->'A + e lo) 

^mi'ffc (111) GaAsS® 
CO 3 0 8] 2:tl5>C»tSi^cDVX^^WtfctJcM«B! 

11 ( 1 ) t^-To •9-y7';l/F ~ I ic-oh-^rmmm i i: 

IrI i; <fc 9 H V P E ?4 in J: -D T G a N<Dg^JB^ Lfc 

H V P E mim!l^^CD±l5K G a h^W U TTj t 

XilHC 1 -ffX^G at^-hlcm^hXG a C 1 ^^fig 
G a C 1 :{)^T:^'\?itiMStife»S{c^)l4-r;gg|5 
fet:fe!/^T7y^--T*#ll&LTGa C 1 i:©SJSti; 
oTG a N*-a-^-r§73^T^$§o VX^©±'\G a N 



G a A s 



20 



St5©:^feii: <fc o T^l 

¥:^lRl7!)K 1 1-20 >l5fPit hfco 
<1 l--Z>yj^tLfCo eoLTl 



i¥^73 Ir13&^< 1 1 - 

SB-{ixh^^:/j 



S i sTO.w^'wci 



* 



ry^^—r-^s. 

H C 1 ^^ffi 



0 



Cos II] (2. G aNxlfMcDfiicft) 
/ ^ y 7 7M®±tC H V P E StC i D a?aTX eji^ 5 5« 



2 a t m 
2X 1 0'" 

4 9 0°C 
1 5^ 

5 0 n m 



Ji<mfi$€§o GaNli:oi/^T2l5PicDfiScfi^$-a: 

-So 

CO 3 0 9] (1. GaN>'^<y7 7'HOfig;g) GaA 
s, ■9-7r'l'-^, S i*«*ifi?)±tCGaN^^-y7r® 

^:;^®*#TH V p E St J: t) figs^-^i-fcc ifija-rv^y 

[0 3 10] 
(2 0 k P a) 
t m ( 2 0 0 P a ) 



ry=t~Tl>is. 

H C 1 

via 



0. 2 a t m (2 0 k P a) 



-2 



a t m (2 5 0 0 P a) 



xtfSJP* 

Co 3 12] -y- >':/;!' F-^ I i;fei<:j?a^«i. 4 \im-Q 

moG a NmaWM^^wenfco ^mt^mm i ® 

vx^'®<iiSi:-&SS[LTi/^f£o 7r-{r>y hSOSKQe 
>y^ai^ 4 0 0 \i mTX h^-Y:^VX^cOtf >yf- 4 0 0 
jimi:!!— l?^-ofCo OS *9 4 0 0 /im£D(i>y f-Xlili: 
#^3^JCLT«®*mt^J6f;:JKtu^oT!/?So Mm 50. 



2 . 5X10 

1 0 l o t: 
ri#P^ 

$tll 4 OO/im (1. 4mm) 

T'$«*^SffiC)MiiJiEH.^iHiia (v?i (#) ) m. 

COS 1 S] +i->'7°;l/F~m®©7'UXA^J^j5!4-r^ 
77-b:^y hffiS 6{i. {11-22} ®*^~*'>L,Ni::&oT 



X^^^h^iLtm^fCo m*)^0—-D(0 {1 1-2 2} ffiS 
6 m'^^\h(Omh 5 7 tcfis 2 0 ~ 4 0 /i mgg©i|iiO 
ffi^© (0 0 0 1) ffiA^"M6.tlfCo ^LT. 

}3^5--3(D7 7--fe>y h (1 1-2 2} 
5:9tCiJ, ilfie.£D77-fe>y hffiS eiuMLT. 
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[0 3 1 4] ^©ft. c(D4mM(Dmw., i^yfji^?-- 

tLtc. GaAs^ffi (-y-yy^UF. I) s S iWS. 

fi©gft:;5"'J'^7i.SSA^#6nfco HI 1 (3) te^O 
[0 3 15] dtlSOG aN»Sa, ^ffi^ (0 0 0 

1) cmtt^m^-e^'o. munwii^m^-mm 



^y^mc. ZHZ Y ZHZ YZH-cDird^cM^o 

CO 3 1 6] i&^m^mmmmz. cm^MmmYx-it 

&B&itWJ^t^c «mtJ:<fcoTti. F^Dfc^Sim-^ 

MHcD«i?;b^F). mmmmt^ t!i?>ti^h^c t^^. 



cm WTl:feo/co M 



[0 3 17] 



3X10 cm 

2 X 1 o' cm 
3X10^ cm 
9X10^ cm 



-2 



-2 



-2 



-2 



[0 3 18] ^^l/^d^ffi^fiTSofCo ELOVX^^* 



a 1 



1 <Dlj->':/;l'A i:ll«^4^c?5ET'feo 



^-Y^VX^ 5 3©il:±tC:k 



[0 3 19] Sfc. tinp>-9->7";i'F~ni. SffiK 

nfco 

[0 3 2 0] ??>K. ELO-^X-^^mmLTc^yfjV 

^i;o^/^-C. PffliulS* LT^fco BS®, Si^cDil^ 



7;!/ 1 OgcST-a. 



40 



(28) #M 2 0 0 3 - 1 8 3 1 0 0 
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[0 3 2 1] L*^L. ■?-OMJlCfel.>TB. 

fco il©x-v^>^'':?3Sfuj;oTti. (0 0 0 1) ffitO 
G a®ttX'y5^y^*nt< <. (0 0 0-1) ffiOg 

^ (N) ffiti. x-yf-y^'^ti'^-ri'^ii/^diiJi^^Mo 

Stt^b^SfiLT. Gaffi (0 0 0 1) X^^&t^tZ.:?, 

*M*ffi (000-1) x^MLx\^^^ct^^Lri^ 

10 ?.o 

[0 3 2 2] ioT. ^tyT";!/ HilfeV^T. 

mts KteLT. (11-2-5) Sfc 

a. (1 1 -2-6) ffii:LT-cW^lR]<000-l 

[0 3 2 3] (1 1 1) BG a A s^S^i; 

t^'^y-f^l^F ic-Dh^Xlt. zm'^MLfco — (F 

1) it. ^mmmhtc^^K. B.tifrj:m&t hx^m-^ 
nfco 

20 [0 3 2 4] L*^U:^A^e.> ^©[^®SiJ0 1«I (F 2) 

K:&h^Xit. @K*Wbfc7'UXi»S©7r-lr'y hM5 

[0 3 2 5] feotfeSKS 95&WLfc7''JXi.S07 



30 to^m- 



[0 3 2 6] np>i}'^(Dm^x\ ^mm-^i^Hibm^-^ 
CD -efix h ^ I' 7'vx b7c*fi0^© s 6i]tc?et> 

[0 3 2 7] c:cD-y->'7';P (F 2) ^pfflKii 

■f)]/F 2(Dmmmi&^&^'M^t^t. 7X1.0' c 

;H 



-2 
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m VM5 4 OJg 5 9 < 

[0 3 2 8] Sfc. ffit^^(iPfi®#fi.fe5t^:5n, 



(29) 



200 3-183100 
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Mi3i^^-r HI (b) (Dwmxmiotm 

n 



Co 3 2 9] &L±Km^rc^^K. ^y/)\^¥ 2(Di:o 



Co 3 3 0] Sfc, $E{iiO?ii 



C0 3 3 1] :/UXAMlc7 7-b^)^ hffi:^^^ 

Xi.iyEBOJggPK^Pfim-&fljiH*^ LTfiScftt- 

•So 

S i 02 ) ^ICV 

^^-fe ( 1 1 1) 
bfco COG a 



Co 3 3 2] IMMmS (VX<^ 

(vx^^an; S i N. P t. W. 



CO 

A bfc G a A s 



Co 3 3 3] JP^O. 1 5 iimOS i 3 N.. 
b/cfe® (J) . P^O. 2 /im©P t^li^^g^bfc 
^)CD (K) , iS^O. 2 /im©W5tM*}g^bfct© 

(L) . jf^O. 1 /irnOS i O2 ^Jl_ht iS* 0. 2 
ftmOGaN^Jg^bfcfecD (M) . jS^O. 1/im© 
S 1 Oj «^±lCjS*0. 2 ^imiDA 1 N^^^bfcfe 
© (N) ^^lib^Co 

CO 3 3 4] MtCOV'T^, S i Oz MMXG a A sS 
ffi©±iC. MOCVD{Ci;oT. G a N^{g?jg ( 6 0 0 
X) -pfigSbfCo NCOl/^Ttts S i mB/G a A 

sSfe±lCA 1 N^fgrS (7 0 or) T?fi5c*bfco G a 
N. A 1 N M*^ig^t^MT'2& o fco 

M. Ni:fe-a-it©Kff«0. 3 /imga-eSSo 



CO 3 3 5] ^<Dm. S i 3 N4 ? 
is GaN/S i Oi 



W? 



10 



?IJ 20 



30 



40 



:?ini 

H C 1 ^J£ 

mm .- 



is p. t mm 

A 1 N /S i O2 #^%-7* 
[ 1 0 3 0°C 

0. 2 5 a t m 
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A-$i-y&, mmm i -eiKHHb/cx h^^t's©^^^- 

VA (S = 5 0 iim^ p = 4 0 0 jim) ^^Mhtco t/^ 
•fni,^^^-y(DXh'7-^-f(Dl5\^ (ft¥7^lRl) ti\ G 
aAs*KC)<l 1 -2>:^iRj{C^S<t5KbfCo 

CO 3 3 6] c:n5.<D4aso»M^. x^iaSftcJ; 

Os PSbfco Si:) W 



p t mmit 



CO 3 3 7] Ji(±-e{t®b:rc-9-yy;l/tis 5 mm 

So S3i7°a-{z7.tiH 1 Uc^bfct)Oi:[Slli-r-feSo 
CO 3 3 81 

■y-yT";!/] : itM^^^-yA^Jg^bfcS is N4 S 
#t G a A s 
i^-y7';VK : 
a A s 

•9-y7';l'L : 

A s SI5 
it>'X;l/M : 

2 1 



;7-?^f-yA%J^^bfcP tliM#tG 
£-'^:?->'A^3ffigbfcW»®M*G a 



m^^^-y k^^mvtcQ a-H/ s i o 

[ft t G a A s S^I 
'^yf)V¥i :UW^i^—yk-^^&htck 1 N/S i 0 

z MWii^ G a A s W& 

CO 3 3 9] ^-O^s ^©SfelJiiHVP Ej4ti:.J;Ds 

G a N ©l^«*tTo fCo ^mmm 3 {C*5tt S H V P E ^ 

lis niifii 1 s mmm 2 i: h b t ©t-s ^Hisap 3 

T^tis HSftfiJ 2 <!; iSi b < s S-fs «IOtffira^^'y7rS 

C0 3 40] 



(/'^•y7 7 

iMfi 154 9 O'C 
NH3 ^"-E 0 



2 a t m 
HCl^a-ffi 2x10"' 



©)a^^b>b■^:fe^/^ 



(2 0 k P a) 
atm(0. 2kPa) 

2 0% 
6 0 n m 

CO 3 4 1] /^'y7rMf±6 0 nmS 

:ib-'5s y/P^^ (1 5 0 nm~3 0 0 nm) iDS 

V^e /^>y75'g«V7.^tC«ftA^'rs GaAsS^Sfclt 

Co 3 4 2] ^©m#Mb 1 0 3 OlC©^SzaiCTs G a 



Co 3 4 3] 



i©^ 



(2 5 kP a) 



2. 5X10 

1 3^h;. - 



^2 



a t m (2. 5 k P a) 



(30) 
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[0 3 4 4] ^©ISS^ m-^^i^'^l. 9mmOGaN 
[0 3 4 5] ^n^(D^y-f)V]~'Nli. SffiA^7Ti? 

x\,^-^z.tmm\.fc (011)0 zoyyy^ 

v^'/vxa^Olf (p = 4 0 0/xm) ^;^bl/\ 4 
0 0 iim(0\:f.y^r'dit^^iiS.lZ.LryT-by hM^ 

[0 3 4 6] ilO:/'JXA*f^figr§7T-fe>y hffiS 6 

±ic {11-2 2} mx^h^^htm-^f:^. po-a- 



d-l?!?:) {1 I - 2 2] mmf^\h(Dm±.\^^i. 3 0~ 
5 0 mSaoliO^ffitJc© (000 1) miS^M.^tifc 
(CffifigfiMMY) . 

[0 3 4 7] $e>t, ^yflX^i, L. NIC:J3V^T 
tt. K»)-a-5— {11 -2 2} ffiA^flF§S(DJg 5 9 

tea, i:ne.©7r-b^y hffiS 6fc*tLT, ^^^S(Q 
^VN77-b>y hffi*^#fiLTV'52:i:3{)^*fJ^bfco li(± 

[0 3 4 8] LA^Ls ■9-y7>KtMLT(4. VffiS 4 
[0 3 4 9] ^©fg, C®5ffl®OaSK. WilJiDi* 

ff ofco mm<oQ a A sSS;&^ti^nif«yiDXT*»jt) 

St L;to itg;!)^ 2 G a NfiS^^ffSn 



[0 3 5 0] c:np)Ciafti3'u7Aastt, «^ (o 
0 0 1) ii (CB) iLt^w&x^^. mu^mmm. 

[0 3 5 1] »KSffilC^Pfi*^iiH^«IEL<, 

i|i^itofc7.h5^':/^^tc. itewi;:. <i-ioo> 

OO /im-^S^o Sfc, i^Rim^MHOilihti. ± 

15 4 0 MmSaT-Sofco cnetiTtioxh^-Y 
[0 3 5 2] L;b^Ls -9-y7';i/Kic:*5i^r ti. ^^RSm-g- 

[0 3 5 3] ;i3y-F;V5:?^-y-b>'X (C L) -t?|g{u 
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tLtSxl o' cm^' OT-efeofco *#W^^:^4^ 
[0 3 5 4] 

■9->'7';l/L 
it>'7';l'M 
■9-y7';l/N 



3X10 cm 
4 X 1 0^ cm 
3X10* cm 
1 X 1 0 ^ c m 
2X10° cm 



-2 



-2 



-2 



-a 



-2 



[0 3 5 5] tv^^teffi^^tr-feofco '&yf}i'] . 

•DfciI^:K©7 7-fey hffiS 6-b\ :^Pfl*-&Mtt!cH©iif 



50 



[0 3 5 6] sfe. (:n6.-9->'7';PJ±SffiJi-'li«:itofc 

Sffi® Mil ijji L T V ^ § znfcc 
[0 3 5 7] Ma«?^'^^*v- F^b^ ^-y-feyx 

ti. 7 7 -b -y h ffi 5 6 -ej^fiSc^nfcSK 5 9 te#fe-r§ 
[0 3 5 8] •9->'7>M. NlC*5(/^Tt>. VX^'^ffi*'! 

[0 3 5 9] SfCs +>-y/;l/Jx MiCOl/^T, i:©^Pi 

cm^sMM^Y \t^\,^x\t. wsMm^t (ooo o m 
(osoGaffi) fc^oTv^^A^ !Kmm^-^wmt (o 

0 0-1) ffi (o$Og*ffi) trs-DX^j-'^MifWni^ 

[0 3 6 0] ■9-y7>KlCOV^T{J:. KSSffi© 
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[0 3 6 1] K 1 ; ^IgfaTS 13 ^ l/K O^^MISlOlSra 

fi^^Y) iiti, <ooo I >m(D^-^^t 

[0 3 6 2] rj:Ei>'^S>^rco ^yz^jVKit 

n 



[0 3 6 3] Ljb^bftA^Bv <l©^?-^':/;V'Ktc*5V''T 



(31) #W2 0 0 3-1 8 3 1 0 0 
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* Co 3 6 4] -tJ->'y;l/Ktci3v>T#{i:R#}c3gnfc^ 
i&:@BlTic *s (/ >T ti. y -f;]ym^ ff -9- > 7Vl/ A ^-tt 

[0 3 6 5] ^(D-9-y:/;VKK:*5t/>Tii^}c3in§^fS 

vX^±ttJg^^n^G aN*^e>*§iKU^^*^ SIS 

[0 3 6 6] ||ffif!|l-3TM-<fct^yy;l'A-N^DG 

-«pISHiDlih. VX^tf^y^p. Cffi^affiWcY^Dipi 
y . G a N^SMOMiPT i&TiaoS 1 K^LfCo 

[0 3 6 7] 

[an 



*20 







h 




y 


T 


2 S5 + y 


©-^ 


(/£ m) . 




(it to) 








A 


6 0 


4 0 


4 0 0 


3 0 


12 5 0 


3 6 0 


B 


2 0 0 


190 


4 O O 




12 5 0 


2 10 


C 


2 


1 


2 0 






19 


D 


3 0 0 


2 50 


2 0 0 0 




44 O 0 


17 5 0 


E 


5 0 


p 


4 0 0 




800 




F 


S 0 


4 0 


4 0 0 


2 0-^4 0 


14 0 0 


3 6 0 


Q 


5 0 


40 


40 0 


2 0 — 4O 


14 00 


3 6 0 


H 


5 0 


4 0 


4 0 0 


2 0*^4 O 


1 4 O O 


3 6 O 


I 
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4 0 


4 0 O 


2 0«-4O 


14 00 


3 6 0 


J 


5 O 


4 0 


4 0 0 


3 0 -^5 0 


1 d 0 0 


3 6 O 


K 


5 0 


4 0 


4 0 0 


3 0--5 O 


19 0 0 


3 6 0 


L 


6 0 


40 


400 


30—50 


1900 


3 6 0 


M 


5 0 


4 0 


4 0 0 


3 0~5 0 


19 0 0 


3 6 0 


N 


5 0 


4 0 


4 O O 


3 0'*'S 0 


19 0 0 


3 6 O 



[0 3 6 8] immm4 hoyim) imi 
2. 1 3. 1 4] :kic.:^nmKf)-^ti'^mmm4^mmt 

[0 3 6 9] ^3—D(D-^yfMt. Ctlhmmm 1 i: 
5) i: i6 M 0 C V D C d: 0 ff $ 2 fi m<D G a N x tf fiScS 

- : ; 1 0 3 o°c/ 



[0 3 7 0] iin^^y/)Vot'^)-y:/)V?^mi^^Xs 

bfco fljifij£iiiin$-e©^»Ji:|WlDH V P Eat?S 

:^i'Xi:L. ^iSL, 1 0 3 O'CO^a^UltTG a Nxt!^ 
[0 3 7 1] ■ . : '■ ■ 
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NH3 6^EE 
HC 1:^^JE 



(32) 



0. 2 5 a t m (2 5 
2.0X1 0"^ 
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8 omm 

"Sti^ 1 OmmSj 
012 (2) ) c 



Co 3 7 2] ^0^^> WJ^ti^izm 

IDG a NiSii.'i'yri'^y htm^nfc ( 
d^y htxSo^tip>(D4yd^y hit. w.yjti>imm 

[0 3 7 3] c(oyvxi.mm-r^y7'ty hmit. 

{1 1 -2 2}ffi;6^4'>L^i:*oTl^^o ^0-^-5— OCD 

{1 1 -2 2}ffi^)M'^?>iiioiii5tta. 

© (0 0 0 1) ffiA'5*^e.nfco ^LT, 

-oio {1 1-22} mm^f^^omKit. . hmw i 



7^ 



[0 3 7 4] #lca@t" ^t«0-ry3'-y hTS?) 

[0 3 7 5] z.ri^(04ydyY(Dt&-^m.\zm 

Lifffi^H^Lfco ^-©^ms O-ryrf^y htc:fet,^T 



[0 3 7 6] c:n6.ziaM©-i'>'d''y htc;^v-i'xinx 

[0 3 7 7] Z.ni^<OWmt. fiScfi©^t)©2~3Wi 

a&ofco iine.©*fettg®>& (ooo o ®. d 

^liH*M 0 0 iim}^^y^xmWliEh< <l- 10 0 



a t 



k P a) 

m (2. 0 k P a) 



10 



20 



30 



40 



>lJ\^KM.k,X'\^^nio 

[0 3 7 8] L*^L. -fydr-y hOfiScft^m^gP©^ 



mnxmsm^xmrn^miAu am h-mz \% $ $ nT# 

[0 3 7 9] <I©igH^^RI*^ffi^H<D)i«n^5^^^^ 

HO 



ka^H L T i I. ^ i: S n ^ o L L . 
[0 3 8 0] Ul.<r>i^^\n. SUMfi 

HOiSl^S 0 fim< S>i/^iinfcMMTiJ3X 1 o' cm 



^m^b/co wmm>'&^^tz.^x\t. i x i o' c 



-2 



50 



¥^W^t5{4S;S«f6jnt 5X1 0 ' c m""' ^XTXh 
K)s llffl69=&Ga NSI5^bT^ffltcB^5§€>©-eS 

[0 3 8 1] 

cm jmicmxL^mibx^cDm(D^-^:^i&mxLitu 

Tctbiz^KmMthxmfrcs-Dcomm ' 
( 1 ). 7T--fe-y>ffi>f)^&*^ vii (s) -^^(on^m^ 



(33) 



63 

[0 3 8 2] *^B^©:i^^tCJ:oT, ItofficDm^bfe^^ 



^^1^ z t c ffiicfi^ii? Y ) r^mm^ur^^mmr^^ 

I n G a W-f ^V;^-- F (LD) &H©f6 
SfeG a N a® i: t T §o 

C0 1 1 *I=|B||^A^#M 2001-102 3 07 tCfcV^ 

T^^ t fc^ffitc 7 T -fe >y > ffi*^ S =S: 5 tf >y h ^J^^L 
Jtitb^jb^BG a N^*SB^Bfiicfi$-<t^7r-fe>y hMWi 
ic^h-^xy 7 -b -y h WW*B)<;fi73 [Rl iifiB'JKi^ >y > 

® (Rl € tCfigg-r § (D TfsfiL*^ 7 7 -b -y h S^JC a t $ 
H^P>n5i:V^'5Ci::&SiK-rSfc4?)O^^H<, (a) « 

77-b>y hffijb^[*irRlttcJ:aLS{4:&*=SIIt':*$ 0 e>y 

[H2] :^mmtmm2 O O l - l 023 0 7U:^3V^ 
Tffi^ LfcSffitc 7 7 -fe ^y h ffiA^ 6. 5 1; -y h ^ JB^ b 
$t#b:&A^P.G aN^i^B^figft*-B:S77-b-y hfigS?* 
KJsv^T 7 7 -b -y h ti¥^W^^S*fS] WiSOic t° «y h 
Of^ipI#fc^ft-r^O-e^fii:fct>tcfe{itA^77-fe>y h 

m 3 ] ^^mn^fi^^m 2 0 0 1 - 1 0 2 3 0 ? fcfev^ 

»f$L:&*^e.G a N*|gB^Bfigft*-^^7 7-t>y hfiitSffi 
tC:fct^T7 7-fe>y hit^mms^miilRitimi^i^'y h 

B^-r^fci60tf -y hCifffiHo (1) ttfiicS Pittite tf 
:sc:i:^|)^Bgt-?.Bf®H= (2) iifetcif -y h 



[04] gffit77-b-y hffi;b^P>^?>V« (S) 

bfi^b**^P> G a N^ISrafigS^-y:. 7 7-b >y 
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t i: fe{e:|gffiib^7 7-fe >y h^ti:ffl#^-a:6n^ S 

cfc o T H S nfc g|5 S * S H OPJ bfc 

sra t feffi^mia ^ -it § T-fsffiA^^so-'fi' e. it s i: 
ibcovm (S) (Difffi0o (1) afiggiitfctcvif 

(2) ti^fiiiiifctcv^ (s-) &i>^±^r^t)mcm 



^1 



50 



tC77-b>y h^&m^b^jb^&G aN^fiScS^-li^iliitC 
J;oTvxi'±tc^^PS*^MiaHfc77-b>y hioiO^ 

{ft^^Pi*^^ffi«z i:77-fe<y hm^i^Lm-^-^rmM-^ 

®0„ 05 (a) ltXmM-^mH(0±Kmc?>yT-t: 
y Fffi©j£S-C:-±g|5*^?>©7 7-fc:>y hffi/b^'a^bj^l^M 
moyy-ity hffi*'«SfiSc«n:&v>%g-«0^bTi/^§o 
H5 (b) fi;^:^:Pi*-&M^H®±tfe/£§77-b:-y hffi 
&m S T?±8I5A^ 6. 0 7 7 -fe -y h Sti: ait b rat/ Mli^'O 

7 7-tr^y hmmMtn^m^B^^^LXh-^^o 77-fe'y 
[06] a:s±^cl^^^^;Jcfft^'?.vx^'*m^t. 

fc77-tr>y h*iit#b^;b^e.GaN^^fi^-ii§iii:^t 

<J:oT^Xi'±l^^^PISft^fI«Hi:77-b:'y hffiiD^ 

fgMfl^lg^afiSZ i:7 7-fe-y hffi^ffiM^-iirTjSfi^ 
ii:-&*f8BJ©vXi'>£ffll>§G a Ni^^^S:&j4^SiW 
■r^fci6©¥ffi0o H6 (a) f±Tft&»St¥fT#HPB 

¥ffi0c 06 (b) {i"F%S«^i:TO#P^Pi©^t^tS■^? 

$g*t-::>Xh^'i'7'vx^^^^bfc±[CG a N^xl^ 
§ Z H Z Y Z H Z Y Z -ftjg^frr^^^BJ® G a NiP 

[0 7] T«fi»tfet¥tf^F^Pi®il^t*c-eipI^ tOX h 

^-l'7VX^*Jgfigbfc±r G a N^&Xlf 
fi$'ii§Ci:t^:J:oT-e^fc:77-fey hJcD^^lilSli 
jg (yUXA«jt) ^> 7 7-t>y h©Ttc^<ffi:^fi6# 

tit. Smc^<^Pfl«-&««Hts ^H*^ 

Z H Z Y Z H Z Y Z -©JSfil^iig^Jgfig-r ^ J: o 
\z bfc *^§itc^3^3b^S G a liWBmWtl^^^yr^t^ 

[0.8 ] TmmMi^mimmm&mm^xm^ -^x > 



(34) 
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fi-^ -a: § s: i: cfc ^ t rcxmm^m h t . i&^m 
m^mmm ztc mmmmm y mmmn^ z h z y z 

H Z Y Z -mM^^T^^mMl^t-^ti^^ G a NfiS^M 
[0 9] Tifi«Stc¥tT^RgilCiltl§i^l?i|i^ b 

^^ftM^z t cm^mw^'i tim\cm.n^ z h z y z 

H Z Y Z •••P3g%^-r ^*f8EitC:6^*^S G a NI¥SO¥ 
BHo H9 (a) iiG a NJg^<D< 1 - 1 0 0>:5lR3iC 

I- 10 0 >1jMzmir£ ZHZYZHZYZ -^jg* 

a^-To 09 (b) {iGaNlS^©<l l-2 0>73lRlfC 

-\';l/fiScSLT#P)nfcG a Ni¥M®affit$>6titl^< 

II- 20 >1^^Kmif^Zll Z Y Z H Z Y Z "«3i% 

[HI 0] ■9■7r-r-\'a^g±^i:stU^GaNxb!^^:^i^■\' 

figfiS-arS d i: K J; o T v;^ ^±{c^P(|»^i^H 7 
ISg|5£D±tc tAffir);Pi¥^^«^ Z i: 7 7 -ti >y h ® ^ 



1 <DG a ^mmw&m^ii^ik^mmt ^fciboimm 

Wo 010 (1) i±-9-7T-r-vaSv HI 0 (2) ti^f 
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